IN THE UNBt^D STAiaES PATENT AND TRADEMARK OFFICE 



PATENT 



In re Application of Bateman et at. 

Serial Number 10/693,874 
FUed October 28, 2003 



) 

) Group Art Unit: N/A 

) 

) Examiner: N/A 
) 

) Atty Docket: DEH071 



For: Mass Spectrometer 



r. , 

COMMISSIONER FOR PATENTS 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Sir: 

The below identified cominunication(s) or docuinent(s) is(are) submitted in the above application or proceeding: 
^ Priority £>ocument(s) 1 



□ 
□ 
□ 



I I Issue Fee Transmittal 
I I Check in the Amount of _$ 

I I Assignment 

n Associate Power of Attorney 



I I Please charge Deposit Account Number 04-1075 for any deficiency or surplus in connection with this commimication. 
A duplicate copy of this sheet is provided for use by the Deposit Account Branch. 



Date: December 17, 2003 



Respeci 




bmitted. 




iverett G. Diederiks, Jr. 
Attorney for Applicant 
Registration Number: 33,323 




% Office I 

\ ^^-^ 





INVESTOR IN PEOPLE 



The Patent Office 
Concept House 



Cardiff Road 
Newport 



South Wales 
NPIO 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 

I also certify that the application is now proceeding in the name as identified herein. 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 

In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




Signed 



Dated 




11 November 2003 



An Executive Agency of the Department of Trade and Industry 



GB0226017.2 



By virtue of a direction given under Section 30 of the Patents Act 1977, the application is 

proceeding in the name of:- 



MICROMASS UK LIMITED 

Incorporated in the United Kingdom 

Atlas Park 

Simons way 

MANCHESTER 

M22 5PP 

United Kingdom 

ADP No. 07649676002 



An Executive Agency of the Department of Trade and Industry 




4 




05/11 '02 FFI 11:14 FAX 01273 244244 



F,B,DEHN 



@1002 



fluents Form 1/77 



PAtBOlflAdlSOT 

(Riil»16) 



-8N0V20||gg 
Request for grant of 

>«■ J*. J < « ^ ^ V - _» 1 ' ' "--'-J 



fSeff 110^^ 0JK th^ ^cJ^ of ffasjbrat. You can aim ^sl an 



The VaAcnt Office 

CardlfiTRoaMl 

Newport 



Tour reTErfeaGe 



85-78B57 



2. Patent application number O 

(Jh^PaisfUOffieswaijatinlhiapari) (J^^OvJ I i ml^ 



POl/7700 0.00-0226017.2 



FoD Damey address and postcode of the 

or of each applicant (umimrlme aR smmamBi} 



Micromaaa Limited 
Floats Road 
Wythenshawe r\V4^^^ 
MancheBter vCp^ 
M23 ^-^v ftP?^^ 



Patents ADF number efyou know U} S 



If the appUcaxkt is a corporate body, give 
coutitry/state of incorporation 



&I01.00 I 



UK 



Title of the invention 



Mass Spectr-ometer 



* 5. Name of jour agent (iffou ka»e me) 


Frank B- 


Dehn & Co . 


"Addte^ for i^et^ce" in the United Kingdom 
to which all ccnrrespondencc should be sent 
^gusbtdbtg thM paatautt) 


179 Queen 
London 
EC4V 4 EL 


Victoria Street 


Patents ADP number (tfyou know it) 


16600X > 





If you are declaring priority from one or more 
earlier: patent applicatioxi^, give the cdbntry 
and the date of filing of the or of each of these 
earlier applieatious and &you Jburw H) the or 
each application number 



Country 



PrLoiity kpplicBliaii znuzhber 
{if you Aaotffv li) 



Date of £iluis 
Cdbry / month J jmar) 



7. If this application is divided or othenvise Number of earBer ap^iikaiioo Date of iilEtte 

derived from an earlier UK applicatian, _ (day / maaik / jr^> 

g^ve tbe ttuD^er ^d the fJOIlRg d^t^ of 
the earGer application 



Bn Is a statement of inventorship and of right 
to grant of a patent required in support of 

this request? (Answer nTea'tf: YeS 
a) appUcam named in part 3 ir nor an tnrcnror, or 

ihrre u m% inventor wAo U npt nipwtf 99 m 

<fPpHcant, or 

my named appUamt if « torpome 
See no^ ((0> 



08/11 '02 FRI 11:14 FAX 01273 244244 



F.B.DEEN 



@I003 



^Batenis Form 1/77 

9. loiter the number of sheets for any of the 
following items you are filing with this 
form. Do not count copies of the same 
docnmenl 

Continuation sheets o( this form 



'Description 



10- IF you are also filing anj' of the foUawing, 
state how many ogainst each itsnu 

Priority docmneats 

Trausl&iCons of priority documents 

Staiteuient of inventorsiiip and right 
to grant of a patent (Piatentt Fbrm 7/77} 

Request for preliminary examination 
and search (Pnaaas Form 9/77} 

Request for substantive examination 

(Pm^Hts Form I0f77} 

Any oiJier documents 



11. 



10 





grant of a patent on the basis of this applicatlonk 
iHkte a November 2 002 



12. Naztte and daytime telephone number of 
person to contact in the United Kuigdom 



P.M. J^ijtrey 
01273 244200 



Warning 

Afi€T an application far a patent has been filed, the Cofnptroller of the Parem Ojffice will consider yvheth^r pubUct^ian 
or communication cfxhe invention should be prohibited or restricted under Section 22 of the Patents Act 1977^ Ym 
will be informed if it is necessary toprohibU or resttict your invenUm in this way. Fxerffiernwre, ffyoti live in the 
United iangd£nn. Section 23 of the Patents Act 1977 stops you from csppfylngfor a patent ^tMd yvOhMfiist getdng 
written permiSSi^rL from Ote Patent Office iadeSS on Of^Ucotion has teen filed aSL least 6 WedtS befi>reheind: in the 
United Xingdam far a patent far the same invention attd either no direction prohibiting psdrlication or 
camnwdctidan has been given, or any sut^ direcOan has been revoked. 



Notes 
a) 



d) 
Si 



ijr yau need help to fill in this form or you have any questions, please contact the Patent Office on 0645 SOOSOS, 
Write your answers in capital letters using blade ink or you may type them. 

If there is not enovgh space fur all ihe relevant details an any part of this farm, please continue on a separate 
sheer cf paper and write "see camavuffion sheet' in t?ie relevant part(t) of the farm, Atty carvttnuation sheet should be 
attached to this farm, 

Ifytai htrve answered *Yes\ Patents Farm 7/77wUlneed to befHed 
Oaee you have filled in the form you must remember to sign and date it. 
For details of the fee and ways to pay please contact die Ftttent Office, 



05/11 '02 FRI 11:15 FAX 01273 244244 F,B.DEHN ©004 

38857- 



.^/fept Kfflgfi A ccelergdon Guide (SMAG) 
Background of Livention 

US Patent 5,140,158 "Method for discriminative particle selection" describes a means 
• for separating ions by utilising a travelling potential hill created by a series of quasi- 
statlc electric potential hills. The envisaged application was isotope enrichment of (for 
example) Uranium for nuclear power plants. This invention consisted of a series of 
rings to which a pulsed voltage was applied to each in sequence creating the travelling 
potential hill. Ions that are initially at rest whi ch interact with a potential hill of 
sufficiendy high amplitude ^£ travelling with velocity vo will be reflected with a 
velocity Vr = 2 vo. If the hill is not of sufficient amplitude then ions wiU go over the 
potential barrier unaffected with a fin al velocity of zero. The criteria for reflection 
depends on 4>e ,vq, ion Mass and charge Ze. If MvoVl > Ze<&B then the hill wUl 
impart no kinetic energy to the ion and leave it behind. If Mvo Vl < ZcOe then the ion 
will be reflected by the hill attaining the velocity v,^. The analysis of resolution of ion 
separation in this device is strictly one-dimensional but takes no account of the radial 
variation in electric field caused by the ion optics that create it It is the object of the 
present invention to overcome tbe shortcoming of the aforementioned device by 
constmining the ions radially using KF confinement. 

Description of invention 

Consider a ring set such as is envisaged in US Patent 5, 140,15S, then the travellLog 
wave is simulated by applying a pulsed voltage to each ring for a finite time before 
moving on to the next ring. The more rings th^e are per unit length of the device the 
closer a continual travelling wave is approximated The wider the spacing the greater 
is the axial extent of the potentLai hilL The electric field at an instant in time is 
determined by the difference of potential between the particular ring that has the 
driving potential applied to it and its rieighbours. By synunetry considerations alone it 
is clear that along the optic axis of the device the electric field has no radial 
component. As one moves away from the axis in a radial direction out towards the 
electrodes significant radial field components appear and also the field component 
along the axis also changes in magnitude* Figure 1 shows the contours of 
equipotential for a ring guide of 5nun diameter and 1mm ring pitdi with a potential of 
500V applied to the centre ring. Such distortion in electric field causes lom to be 
accelerated in the radial as well as axial direction. The variation in axial field with 
radius causes deterioration in the resolution of the device. The size of the potential hill 
is now a ftmction of the radial position so the device can no longer select a unique 
mass to charge. Ions may acquire radial components so great that they collide with the 
electrodes themselves and are lost Figure 2 shows typical ion trajectories from a 
device as described in Figure 1. It is the aim of the present invention to compensate 
for this radial distortion by providing an opposing force acting towards the centre of 
the device whidi increases in magnitude according to radial displacement In this way 
the ion beam occupies a small enough radial spread such that the resolution of the 
device is not compromised by the nonlinearity of the field, Iqn losses are also reduced 
as the ions are prevented from leaving the area of confinement around the optic axis 
of the device. 
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Radio Frequency (RF) ion guides are commonly used for confining and transporting 
ions. All such ion guides use ao anangement of electrode with an I^P voltage applied 
between neighbouring electrodes such as to produce a pseudo-potential well or valley. 
This pseudo-potential well can be auanged to confine ions, and may be used to 
transport ions by acting as an ion guide. Its use as an ion guide is well known, and caa 
be very efficient These RF ion guides may be quadrapole, he^capoles or oct^les 
(collectively known as multipoles) or of the stacked ring type whereby opposite 
phases of the RF voltage are applied to adjacent rings. The stacked ring geometry is 
the same as that described in the electrostatic device of US Patoat 5,140,158 and so 
application of an RF field to the existing geometry provides radial confmement of the 
ions with die benefits previously described. The RF field produces an "Effective 
Potentiar' which is related to firequency of the confining RF and the ion guide 
geometry itself and is given by: 

where Vo is amplitude of the applied RF voltage of angular frequency n» m is mass 
and q is charge, and I j & lo are modified Bessel fimctions. The ro & Zo parameters axe 
as defined in Figure 3. 

It can be seen then that the addition of an RF field with adjacent electrodes in 
antiphase leads to confmement of the ions around the optic axis without changing the 
meohanical constiuction. It should be noted that such a traveUing potential hill device 
would be possible to construct using segmented quadmpoles (ox any multipole) 9i*ch 
that each segment was capable of separate DC potential being applied to it The 
operation of the device as a mass analyser can now be described Ln more detail 

Operation of Invention 

Consider now a stacked ring ion tunnel device (at a pressure such that the probability 
of an ion experiencing a collision while traversing its length i$ negligible) filled with 
ions such as may be generated by an electrospray or MALDI ion source. If the end 
plates of the tunnel have a slight positive voltage with respect to all Ihe central plates 
then ions will be trapped in the device unable to surmount the potential barrier. After 
a cratain time equilibrium wiU be reached where ions of all masses are distributed 
along the length of the device [Figure 4]. If a voltage is then applied to the first 
electrode in the tunnel adjacent to one of the end plates the ioijs will be pushed down 
fhe device [Figure 5]. The electric field caused by the applied voltage rapidly decays 
to a negligible value just a few electrode spacmgs. The voltage is then rapidly 
switched to the next electrode and an ion that had enough time to travel one electrode 
spacing will experience the same force and move again, Those ions of high uia$s may 
not have time to travel far enough to see the influence of the voltage when it switches 
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to the next electrode aad will be left behind. The voltage travels down the device &om 
electrode to electrode "sweeping'^ those ions ^tli a low enough mass to follow it 
The device acts as a low pass filter in that ions with masses below a chosen value can 
be ejected from the tunnel whilst the rest remam trapped in the device [Figures 6 & 
7], The sweep time of the device Tsweep may be then decreased to select a slightly 
higher low mass cut off ejecting those ions which have masses between the two cut 
off points. By graduaUy reducing the sweep time a compjete mass "scan" may be built 
lip until the device is empty. Another way to scan the device is to increase the voltage 
progressively with each sweep collectic^ ions of ever-increasing mass in the same 
way. 

The mode of operation described above builds up a mass spectrum by a series of low 
pass experiments. Isolation of a pardcular range of masses i.e. bandpass operation 
may be achieved by employing a two stage device [figure 8]. Firstly ions with Masses 
< X are passed through the device into a second empty stage [Figure 9]. A second 
travelling wave may then be sent in the reverse direction sweeping ionS back into the 
first stage [Figure 6]. This reverse sweep is of a higher voltage so that the required 
mass range is left behind in the second stage [Figure 10]. Note that figure 9 shows the 
potential hill for the reverse sweep increased by approximately a &ctor of nine, This 
is because the relative velocity between the hill and the ion has increased from vo {the 
hill velocity) to 3vo as the ion is accelerated to 2vo by the hill during the first pass and 
then approached by a second hill at ~ v© again. The potential required to just prevent 
an ion from traversing though it is proportional to the relative velocity squared hence 
the factor of nine. 



Advantages over prior art 



1) High duty cycle & flexible timescale of ion ejection: 

The new device can operate at 100% duty cycle as it is able to eject only those ions of 
desired mass while storing the rest for fl^er analysis this is in contrast to a 
convmtional axial TOF whereby ions of all masses are pulsed into a drift tube and 
sequentially detected. 

2) Folded geometry: 

As ions may be send backwards and forwards within the SMAG device enabling 
band-pass operation to be achieved. 

3) High sensitiviiy: 

The current invention will exhibit higher sensitivity than the previous device. This is 
because ion losses due to the radial field components are minimised by the confining 
action of the effective potential to the central optic axis. 
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Figure 1. Contours of equipotential for a segmented ring guide Smm ditimct^, 1mm 
ring pitch with SOOY on the central electrode. 
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